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A surface mount package includes a unitary combination heat sink and lead frame, the heat sink (34) having mounted thereon a 
semiconductor die (40) and being mounted to a printed circuit board (38). Hie heat sink (34) and certain leads (32a) of the lead frame 
provide heat conduction paths from the die (40) to the printed circuit board (38), for highly efficient dissipation of heat 
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HEAT SINK -LEAD FRAME STRUCTURE 

FIELD OF THE INVENTION 

This invention relates to a unitary design of heat 
5 sink and lead frame structure for semiconductor 
applications . 



BACKGROUND QF THE INVENTION 

A typical dual inline surface mount package 10 is 

10 shown in Fig. 1. Such a device 10 includes a heat sink 
12 which may, for example, be of copper, and a 
semiconductor die 14 mounted thereon. Leads 16 are 
connected to the die 14 by means of conducting wires 
18, and the die 14, conducting wires 18, and inner ends 

15 of the leads 16 are encapsulated in packaging material 
20 as is well known. The extended ends of the leads 16 
are soldered to appropriate parts of a printed circuit 
board 22. It will be seen that a direct heat 
conduction path is provided from the die 14 inside the 

20 package 20 through the heat sink 12 to the board 22. 
As a result, the structure can deal with a 
relatively large amount of power, and can also 
appropriately dissipate a relatively large amount of 
heat. However, in the interest of adding cooling 

25 capacity to the structure, additional heat conduction 
paths have been used. For example, with reference to 
Fig. 2, double-sided thermally conductive adhesive film 
on tape 24 is used to attach certain leads 16 to the 
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heat sink 12 . While this structure has some 
advantages, the adhesive tape 24 has poor theirmal 
conduction characteristics, and is also relatively 
expensive . 

5 In Fig. 3, certain leads 16 are riveted directly 

to the heat sink 12 by means of rivets 26, providing 
leads 16 as additional paths for the dissipation of die 
heat to the printed circuit board 22. This device, 
however, provides a high level of interfacial 
10 resistance between the leads 16 and heat sink 12. 

Also, this approach is expensive and has reliability 
problems . 

SUMMARY OF THE INVENTION 

15 In accordance with the present invention, a 

surface mount package includes a unitary combination 
heat sink and lead frame, the heat sink having mounted 
thereon a semiconductor die and being mounted to a 
printed circuit board. The heat sink and certain leads 

20 of the lead frame provide heat conduction paths from 
the die to the printed circuit board, for highly 
effective dissipation of heat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figs. 1, 2 and 3 are cross sectional views showing 

prior art devices; 

Fig. 4 is a plan view of the present inventive 
unitary heat sink- lead frame structure; 
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Fig. 5 is a cross-sectional view of the inventive 
device; and 

Fig. 6 is a cross-sectional view of the basic 
element used in achieving the invention of Fig. 4. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to Figs. 4 and 5, shown therein is 
an embodiment of the present invention. As shown in 
Fig* 4, a unitary structure, heat sink- lead frame 30, 

10 i.e., a single piece having no separate parts, is 
provided as the basis thereof. The heat sink-lead 
frame structure 30 is shown as having 16 leads 32, 
including four leads 32A which extend from the heat 
sink 34, and 12 leads 32B which in accordance with 

15 common practice have their inner ends spaced frame and 
not connected to the heat sink 34 (of course, all leads 
of the lead frame in this form are connected by tie 
bars 36 as is well known, which will later be cut away, 
resulting in the leads 32A not being connected to the 

20 heat sink 34 in any manner) . 

With reference to Fig. 5, the heat sink 34 is 
mounted directly to a printed circuit board 38, and has 
mounted thereon a semiconductor die. The die 40 is 
connected by conducting wires 42 to the leads 32, and 

25 the extended ends of the leads 32 are soldered to the 
printed circuit board 38. In Fig. 5, the die 40 has 
ground pads 54 . connected by conducting wires 42 to the 
leads 32A which in turn extend from the heat sink 34, 
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so that the leads 3 2A act as ground leads, meanwhile 
with other conducting wires connecting the die 40 and 
leads 32B so that those leads 32B are signal leads. 

The die 40 and inner ends of the leads 32, along 
5 with the conductive wires 42, are housed in appropriate 
packaging material 44 (also noted in dotted line in 
Fig. 4), and the tie bars 36 are cut away, all as is 
well known, in forming the final device 46, which 
includes heat sink 34 and leads 32A extending therefrom 

10 as a unitary, single piece structure. 

It will be seen that the heat sink 34 acts as a 
heat path for the die 40, as do the individual leads 
32A extending from the heat sink 34 . 

This structure overcomes problems of the prior 

15 devices by including additional heat conduction paths 

which provide good thermal conductivity, meanwhile with 
the structure being low cost and avoiding the problems 
of poor thermal conduction adhesive tape, or the 
interfacial resistance in the riveting approach 

20 described above. 

The lead frame-heat sink structure 30 can with 
advantage be formed by the dual gauge copper structure 
48 of Fig. 6, wherein the relatively thick portion 48A 
which will define the heat sink 34 has a thickness X 

25 between the arrows which is 50 mils, while the portions 
48B which will define the leads 32 have a thickness 
indicated by Y between the arrows which is 15 mils. 
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CLAIMS 

What we claim is: 

1, A structure comprising a heat sink and a lead 
frame, the heat sink and lead frame being a unitary 

5 structure . 

2 . The structure of Claim 1 wherein the lead 
frame comprises at least one lead. 

10 3 . The structure of Claim 1 wherein the lead 

frame comprises a plurality of leads. 

4 . The structure of Claim 1 and further 
comprising a semiconductor die mounted on the heat 

15 sink, 

5 . The structure of Claim 1 wherein the heat 
sink-lead frame unitary structure is copper. 

20 6. The structure of Claim 1 wherein the heat 

sink- lead frame unitary structure is a dual -gauge 
element. 

7. A device comprising a heat sink and a lead 
25 extending therefrom, the heat sink and lead being a 
unitary structure. 
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8. The device of Claim 7 and further comprising 
a die mounted on the heat sink. 

9. The device of Claim 8 and further comprising 
5 a conductive connector connecting the die and lead. 

10 . The device of Claim 9 and further comprising 
a printed circuit board on which the heat sink is 
mounted. 

10 

11. The device of Claim 10 and further comprising 
an encapsulating member on the die and from which the 
lead extends. 

15 12 . The device of Claim 7 wherein the heat sink- 

lead unitary structure is copper. 

13 . The device of Claim 7 wherein the heat sink- 
lead unitary structure is a dual-gauge element. 
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AMENDED CLAIMS 

[received by the International Bureau on 10 April 1998 (10.04.98); 
original claims 1-13 replaced by amended claims 1-7 (2 pages)] 

1. A structure comprising a semiconductor die, 
heat sink and a lead frame, 

5 said lead frame comprising a plurality of 

thermally and electrically conductive leads, at 
least two of said leads being thermally connected 
to said heat sink and electrically connected to 
said semiconductor die, 
10 the other's of said plurality of conductive 

leads being only electrically connected to said 
semiconductor die, 

the heat sink and the lead frame, including 
all of said leads, being a unitary structure. 

15 

2 . The structure of Claim 1 wherein the heat 
sink-lead frame unitary structure is copper. 

3. The structure of Claim 1 wherein the heat 
20 sink-lead frame unitary structure is a dual-gauge 

element . 

4 . The device of Claim 1 and further comprising 
a printed circuit board on which the heat sink is 

25 mounted. 
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5. The device of Claim 1 and further comprising 
an encapsulating member on the die and from which said 
leads extend. 

5 6. The device of Claim 4 wherein the heat sink- 

lead unitary structure is copper. 

7, The device of Claim 4 wherein the heat sink- 
lead unitary structure is a dual -gauge element. 

10 



-8- 



AMENDED SHEET (ARTICLE 19) 




nG«1 (PRIOR ART) 



wo 98/20718 PCT/US97/19309 

2/6 




riG.2 (PRIOR ART) 



wo 98/20718 PCT/US97/19309 

3/6 




nG«3 (PRIOR ART) 



wo 9020718 PCT/US97/19309 * 

5/6 




wo 5W/20718 



6/6 



PCT/US97/19309 



r 



48 



48B 



48A 



tx 



INTERNATIONAL SEARCH REPORT 


International application No. 




r\f 1 1 Uov til yjuv 


A. CLASSIFICATION OF SUBJECT iMATTER 




IPC(6) : H05K 7/20 




US CL : 361/704, 707. 709, 712; 257/706. 707 




According to International Patent Classificaiion (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 361/704, 707. 709, 712; 257/706. 707 



Documentation searched other than minimum documenution to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
U.S. PTO APS 

search terms: heat sink, lead frame, printed circuit board 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of documenl, wiili indication, where appropriate, of the relevant passages 



Relevant (o claim No. 



X 



us 5,289,344 A (GAGNON et al) 22 February 1994 (22.02.94), 
col. 5, lines 42 + , col. 6 line 6 



M3 



[ I Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special caiegones of ciied docutnenis: T 

"A" document defining ihc general state of the an which is noi considered 

10 be of particular relevance 

"X" 

"E" earlier document published on or after the inicrnational filing daic 

"L" ducuincni which riiay ihrow doubts on priority ctaim(s) or which is 

cited to esiabhsh the publlcaiion date of another citation or other 
special reason specified) 

"O" document referring to an oral disclosure, unc. exhibition or other 

means 

"P* document published prior io the international filing date but later than "4- 



latci duciimtsii published after the hiiemaiional filing date or priority 
date and not in conflict with the appUcaiion btii cited to understand the 
principle or thcnry undeilyin); the inveraiun 

document of particular iclevuiiLu; the claimed invcniion caiuiiii he 
considered novel or canniti be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive Btep when the document is 
combined with one mere other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of ilie international search 
11 DECEMBER 1997 


Date uf miiiling of the international search report 

lOFEB»--7v--^ 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer f *Jr\i^ "n ^ 

BORIS CHER VINSKY ^^'^V'^/V — 
Telephone No. (703) 39K429 ' ^ , 



Form PCT/ISA/210 (second shcct)(July 1992)* 



